Introduction
Pain, as a sub-modality of somatic sensation, describes a complex array of unpleasant experiences associated with actual or perceived tissue damage and exhibited by specific independent, psychological, and behavioral responses [1] . It is an intricate experience comprising of physiological response to a noxious stimulus, which in some cases is followed by an emotional response [2] . Formalin induction of pain is biphasic; an early phase, which comprises of the first to fifth minute and a late phase, which occurs fifteen to thirty minutes after pain induction. The initial acute response (early phase), indicating a neurogenic type of pain, develops immediately after formalin injection for 5 min (0-5 min), and then a sustained response (late phase), measured 15-30 min after formalin injection [3] . The early phase results from a direct effect of formalin on nociceptors [4] , predominantly afferent C fibers and partly A fibers [5] . The early phase can be inhibited by opioid agonists such as morphine, fentanyl, bradykinin B1 and B2 receptor antagonists [6] .The late phase is a tonic response whereby inflammatory processes are involved and is associated with activation of the neurons in the dorsal horns of the spinal cord [4] . Both phases have been proven to be inhibited by centrally acting drugs, such as opiods while those that act peripherally, like steroids and nonsteroidal anti-inflammatory drugs like aspirin, inhibit only the late phase of the test [7] . To relieve pain in many disorders, nonsteroidal anti-inflammatory drugs (NSAIDs) are prescribed routinely worldwide [8] . However, longterm administration of NSAIDs may cause severe complications such as gastric ulcers, renal damage and cardiac abnormalities because of their non-selective inhibition of cyclooxygenases (COX) enzymes [9] . Interest in herbal medicine is on the rise as they are arguably believed to be more effective and possess fewer adverse effects [10] . Harrisonia abyssinica and Landolphia buchananii have been used by the Ameru and Embu communities in Kenya to alleviate various ailments but there is no scientifically investigated report of their described effects on pain. Therefore, the study mainly aimed to evaluate the antinociceptive potential of the aforementioned plants as preliminary drug screening towards production of more efficient plant-derived analgesic agents. The study also compared antinociceptive activities between these extracts as well as with diclofenac and also aimed to determine qualitative composition of the extracts.
Materials and Methods

Collection and preparation of plant samples
The fresh stem bark samples of Harrisonia abyssinica and Landolphia buchananii were collected with the help of local herbalists from their natural habitat in Mbeere, Embu County, Kenya. An acknowledged taxonomist botanically authenticated the plant samples and sample voucher deposited at the Kenyatta University herbarium. The plant samples were transported in clean burlap sacks to Kenyatta University for further processing. They were sorted, cleaned and rinsed with distilled water. They were then air dried at room temperature after being chopped separately into small pieces. The dried samples were then ground into fine powder by an electric mill.
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Extraction
A volume of 400 grams of powder for each sample was soaked separately in 1500 ml of methanol and left to stand for 24 hours. The filtration of the extracts was done using Whatmann No.1 filter papers. A rotary evaporator set at 65°C concentrated the filtrate to dryness under reduced pressure and vacuum. The resultant concentrates were packaged separately in airtight containers and stored at 4°C awaiting bioassay studies.
Experimental design
Laboratory animals: Healthy strains of Swiss albino mice (Mus musculus) of either sex weighing 20 to 30 g were employed for this study. The animal breeding colony was bred in the Animal House, Department of Biochemistry and Biotechnology at Kenyatta University. The mice were acclimatized for 48 hours before use in the experiment. Standard ethical procedures were adhered to when handling the mice.
Determination of antinociceptive activities
The antinociceptive activities of the plant extracts were determined through the formalin paw licking test. The mice were divided into six groups (n=5) and then treated as shown on (Table 1) . Half an hour after administering the treatments, the formalin test was performed using a known protocol [6] . The plant extracts were prepared on the day of the experiment and were administered by intraperitoneal injection. The induction of nociceptive response (licking and biting) was performed by subcutaneous injection of 0.1 ml of 2.50% formalin in the subplantar region of the right hind paw [4, 11] .
The mice were then individually placed in a transparent glass chamber for observation. The time that the mice spent licking or biting the injected paw was scored [4] . The pain scores were identified for two periods of nociceptive behavior (licking/biting) and recorded separately. The first period was recorded 1-5 minutes after injecting formalin and the second period recorded 15-30 minutes after formalin injection. The percentage licking inhibition was then calculated using the formula; 
Qualitative phytochemical screening
Qualitative phytochemical screening was done on the extracts to identify the presence or absence of selected phytochemical constituents using known protocols [12, 13] . The secondary metabolites tested for included flavonoids, terpernoids, alkaloids, sterols, saponins, phenolics, and cardiac glycosides as these are generally associated with the antinociceptive effects.
Data management and statistical analysis
Experimental raw data on licking time/latency of pain response was tabulated on Ms Excel spreadsheet program. This data was then entered to the Minitab statistical software for descriptive statistics. The results were expressed as mean ± standard error of mean (SEM) for analysis. Then one-way analysis of variance (ANOVA) was performed to compare the means of the groups, subsequently followed by Tukey's post hoc test for pair-wise mean separations and comparisons to obtain the specific significant differences among the different groups. The comparison of the mean activities of H. abyssinica and L. buchananii extracts against pain was performed using unpaired student t-test. The values of P ≤ 0.05 were considered statistically significant. The data on licking time/latency was presented using tables and graphs.
Results
Antinociceptive activity of methanolic stem bark extracts of Harrisonia abyssinica in mice
In general, the administration of methanolic stem bark extract of Harrisonia abyssinica appreciably reduced the formalin-induced pain in both phases which was indicated by reduction in paw licking time ( Table 2 ).
In the early phase, the percent inhibition of paw licking time upon administration of stem bark extracts of H. abyssinica at the three dose levels (50,100 and 150 mg/kg body weight) was 39.73%, 69.73% and 81.13% respectively and exhibited a dose dependent trend ( Table 2 ). The treatment of mice with methanolic stem bark extract of H. abyssinica at the dose levels of 50 and 100 mg/kg body weight was not significantly different from that of positive control with the reference drug, diclofenac (p ≥ 0.05; Table 2 ). However, treatment of mice with the extract at dose level of 150 mg/kg produced a stronger antinociceptive effect compared to the positive control group (p ≤ 0.05; Table 2 ). All the dose levels (50,100 and 150 mg/kg body weights) of methanolic stem bark extract of H. abyssinica significantly reduced paw licking time compared to negative control (p ≤ 0.05; Table 2 ).
In the late phase, the methanolic stem bark extract of H. abyssinica at the three dose levels (50,100 and 150 mg/kg body weight) reduced Table  2 ). However, the treatment of mice with the extract at the dose level of 50 mg/kg body weight was statistically insignificant when compared with the negative control group (p ≥ 0.05; Table 2 ). The treatment of mice with methanolic stem bark extract of H. abyssinica at the dose levels of 100 and 150 mg/kg body weight was comparable with that of positive control with the reference drug, diclofenac (p ≥ 0.05; Table 2 ).
Antinociceptive activity of methanolic stem bark extracts of Landolphia buchahanii in mice
On the other hand, the administration of methanolic stem bark extract of L. buchananii also generally reduced the formalin-induced pain in both phases. In the early phase, methanolic stem bark extract of L. buchananii, at the three dose levels (50,100 and 150 mg/kg body weight), reduced formalin-induced pain by 35.35%, 40.80 and 47.72% respectively in a dose dependent fashion (Table 3) .
Treatments with the extract at all the dose levels (50,100 and 150 mg/kg body weights) significantly inhibited the paw licking response time in mice compared to the negative control group (p ≤ 0.05; Table  3 ). The antinociceptive effectiveness of the doses at the three dose levels (50, 100 and 150 mg/kg body weights) was statistically insignificant from each other (p ≥ 0.05; Table 3 ). In this phase, the methanolic stem bark extract of L. buchananii at the dose levels of 50 mg/kg and 100 mg/kg body weight exhibited a decrease in pain that was comparable to diclofenac (reference drug) (p ≥ 0.05; Table 3 ). However, the antinociceptive effect of the extract at the dose level of 150 mg/kg body weight was stronger with a 47.72% licking inhibition when compared to the positive control group which had a 19.97% licking inhibition (p ≤ 0.05; Table 3 ).
In the late phase, the methanolic stem bark extract of L. buchananii at the dose levels (50, and 100 mg/kg body weights) also reduced formalin-induced pain in mice (Table 3) . However, the paw licking reduction activity of the extract at the dose level of 150 mg/kg body weight was statistically insignificant compared to the negative control group (p ≥ 0.05; Table 3 ). The percent paw licking inhibitions of the stem bark extract at the three dose levels were 55.17%, 39.14% and 20.57% respectively ( Table 3) . The treatment at the dose level of 50 mg/kg bodyweight was comparable to that of positive control with the reference drug, diclofenac (p ≥ 0.05; Table 3 ). However, treatments at the dose levels of 50 and 100 mg/kg body weights were not statistically significant from one another (p ≥ 0.05; Table 3 ).
Comparison between the antinociceptive activity of Harrisonia abyssinica and Landolphia buchananii
In comparison, the methanolic stem bark extract of H. abyssinica exhibited more effective antinociceptive effect at the dose levels of 100 and 150 mg/kg body weight than methanolic stem bark extract of L. buchananii during the early phase at p values of 0.01 and 0.02 respectively (Figure 1 ). However, in this phase, the comparison of the antinociceptive effectiveness at the dose level of 50 mg/kg body weight of the two extracts was not significantly different from each other (p = 0.60; Figure 1 ).
In the late phase, the antinociceptive effect of methanolic stem bark extract of H. abyssinica was more efficacious at the dose levels of 100 and 150 mg/kg body weights than that of L. buchananii at p values of 0.034 and 0.002 respectively (Figure 2) . However, L. buchananii exhibited more antinociceptive activity than H. abyssinica at the dose level of 50 mg/kg body weight (p=0.00; Figure 2 ).
Qualitative Phytochemical Screening
Qualititative phytochemical screening revealed the presence of flavonoids, terpernoids, alkaloids, sterols, saponins, phenolics and cardiac glycosides (Table 4) .
Discussion
Clinically, several broad processes are associated with pain: nociception, pain perception and some secondary consequences including suffering and pain behavior [14] . The detection and perception of noxious stimuli is referred to as nociception [15] . Nociceptors exhibit impressive plasticity which can intensify tissue signaling and nociceptors can be classified into two; myelinated Aδ fibers of medium diameter that mediate acute, well-localized fast pain and differ substantially from the larger Aβ fibers that respond to innocuous mechanical stimulation. The other class comprises smaller unmyelinated C fibers that transmit poorly localized slow pain [16] .
Tissue injury or inflammation results in the release of sensitizing and algogenic agents including bradykinin, histamine, prostaglandins, interleukin-1β (IL-1β) and tumor necrosis factor (TNF) [17] . These substances result in amplified firing of the neurons as they lower the activation threshold of nociceptors and enhance neuronal excitability. Increased activity of nociceptors is manifest as hyperalgesia and allodynia [18] .
The evaluation of antinociceptive activity of methanolic stem bark extracts of H. abyssinica and L. buchananii was performed using the formalin paw licking test. The formalin paw licking test is a credible and dependable model for analgesic activity. It produces a definite biphasic response and various analgesics may act differently in early and late phases of this test. Thus, the test can be used to resolve the possible mechanism of the antinociceptive effect of a proposed analgesic [19] .
In this study, 2.5% formalin was used to induce nociception. A formalin concentration of 2.5-5% is a better dose than 10% because it evokes maximal responses [20] . In fact, the 10% formalin is not recommended for a pain test. This is because higher formalin concentrations induce other behavioral responses that may hamper the primary behavior [21] . The rising environmental temperature increases pain response of formalin hence the formalin test was performed at room temperature (22-24°C) , during the daytime, to give mice time for familiarization with the environment to minimize other factors that may lead to compromised pain scores [4] .
In the current study, the methanolic stem bark extracts of H. abyssinica and L. buchananii showed a significant antinociceptive effect by lowering the formalin-induced licking time in both phases. However, the extracts did not inhibit both phases equally The highest analgesic effect by methanolic stem extract of H. abyssinica was by 81.13% and 69.84% in the early and late phases, respectively while by methanolic stem bark extract of L. buchananii was by 47.72% and 55.17% in the early and late phases, respectively. The ability of these herbal extracts to inhibit both phases of the formalin paw licking test suggests their involvement in peripheral and central mediated activity, probably by inhibition of prostaglandin synthesis, as well as central mechanism inhibition. The antinociceptive effect of H. abyssinica at the dose level of 100 and 150 mg/kd body weight (in the early phase ) was more efficacious than that of L. buchananii (Figure 1 ) might be due to stronger synergetic effects in the H. abyssinica than in L. buchananii These results relate with other previous studies on evaluation of antinociceptive effects of herbal extracts. The methanolic stem bark extracts of H. abyssinica and L. buchananii demonstrated a reduction in the paw licking time of formalin-induced pain in both phases which was consistent with a study on antinociceptive activity of alcohol leaf and root bark extracts of Carissa edulis in rats [22] . Similarly, acetone leaf extract of Carissa spinarum demonstrated related antinociceptive effect in formalin paw licking model [23] .
The dose ranges applied in this study were equivalent to the dose ranges employed by a study examining the antinociceptive effect of dichloromethane: methanolic extracts of Caesalpinia volkensii in animal models [24] . More so, another study used dose levels of 50, 100, and 200 mg/kg while evaluating antinociceptive activity of the roots extracts of Alafia barteri Oliver (Apocynaceae), and Combretum mucronatum Schumach (Combretaceae) and Capparis on acetic acid, formalin and hot plate induced pain tests [25] .
That the findings of the methanolic stem bark extracts of H. abyssinica and L. buchananii (in the early phase) produced dose dependent antinociceptive activity is in agreement with a study on antinociceptive activities of Tecoma stans leaf extract in laboratory animals [26] . The effect of L.buchananii in the second phase was however inversely dose-dependent, whereby the smallest dose of 50 mg/ kg body weight produced greater antinociceptive effect compared to the largest dose of 150 mg/kg body weight. This might be due to declining synergetic effects of some active principles when concentrations are increased.
The antinociceptive effect of H. abyssinica at the dose levels of 150 mg/kg body weight (in the early phase) and L. buchananii at the dose levels of 100 and 150 mg/kg body weight (in the late phase) was greater and statistically significant compared to diclofenac (p ≤ 0.05; Table 1 ; Table2) which might suggest a better inhibition of algogenic agents such as prostaglandins or a better mimicry of the diclofenac action.
The antinociceptive effects of methanolic stem bark extracts of H. abyssinica and L. buchananii might be due to one or several phytoconstituents present in the extracts. Several studies have shown the antinociceptive activity of such compounds. A number of flavonoids have been reported to produce analgesic activity [27] . Some studies have demonstrated that flavonoids inhibit prostaglandin synthetase [28] . Since prostaglandins are involved in pain perception and flavonoids have inhibitory effects against them, it might be implied that reduced presence of prostaglandins by flavonoids present in H. abyssinica and L. buchananii might be responsible for their antinociceptive effects.
Alkaloids, which were present in both extracts have been documented to possess potent analgesic activities [29] and thus might be contributory to the observed antinociceptive effects of H. abyssinica and L. buchananii. An evaluation of the several alkaloids from Ziziphus oxyphylla has demonstrated antinociception in both phases of the formalin test [30] . Terpenoids have also been linked with antinociceptive activity. For instance, a study on 1, 8-cineole terpenoid has demonstrated antinociceptive effect in the formalin test through a non-opiod mechanism [31] . Phenols, which were also detected in both extracts, have been shown to exert antinociceptive effect in mice in an opiod-mediated action according to a study on the extract of Emilia sonchifolia [32] . Saponins, which were also found in both extracts although in trace amounts in H. abyssinica, have also been associated with analgesic effects [33] . Some studies have also shown sterol constituents possess analgesic actions. For instance, β-sitosterol which has previously been isolated from H. abyssinica extract [34] has been shown to exert analgesic effect according to a study using leaf extracts of Oxalis corniculata [35] and therefore, sterol constituents present in both extracts might also be contributory to the observed antinociceptive effects.
It is noteworthy to mention a limitation in this study regarding the use of either sex of mice in performing antinociceptive studies since pain sensitivity is gender sensitive as documented by a recent study [36] .
Conclusion
In conclusion, the present study has demonstrated the antinociceptive potential of methanolic stem bark extracts of Harrisonia abyssinica and Landolphia buchananii in mice. The methanolic stem bark extracts of H. abyssinica and L. buchananii were able to inhibit pain sensation of both phases. Thus it might be likely to find opioid analgesics as well as analgesics in H. abyssinica and L. buchananii that act by inhibition of inflammatory pathways responsible for pain. Therefore, the methanolic stem bark extracts of H. abyssinica and L. buchananii extracts might prove useful in managing painful complications and serve as a more effective alternative treatment strategy than the conventional synthetic drugs. The present study, therefore, scientifically confirms the traditional use of Harrisonia abyssinica and Landolphia buchananii for management of painful conditions.
